Abstract -In this paper, we propose a capacity modeling method for Bluetooth based LBSs (Location Based Services) between Bluetooth APs(Access Points) and mobile phones. In order to do this, we consider the entrance and exit of the users to and from the AP. Using parameters such as the connection time, data transmission time and number of users in the AP zone, we analyze the capacity of a Bluetooth AP using an appropriate queuing model. The required number of APs in a certain zone is estimated from the number of users in the zone using the proposed queuing model. By performing simulations and experiments, the validity and applicability of the proposed method are verified.
Introduction
An LBS is a service which provides users with useful information or content based on their location [1] . With the advent of the smartphone, the LBS has become an important application in wireless communication services [2] [3] [4] .
Generally, GPS(Global Positioning System) and Cell-ID(Cell-Identification) have been used to determine the location. Following the commercialization of the smartphone, WLAN(Wireless Local Area Network) has become an important technology for LBSs. For example, for indoor navigation, WLAN is a good candidate for location information. However, when it comes to determining the location, more precise algorithms are needed for more advanced services [3, 4] .
Considering these facts, there have been various studies on the WPAN(Wireless Personal Area Network) based LBSs. Especially for indoor navigation, WPAN has been widely used [5] [6] [7] . WPAN based location services were known to be effective for precise determination of the location because of two reasons. First, the communication range of WPAN is shorter than that of WLAN, which could provide more accurate location information. Second, WPAN generally consumes less power than WLAN does, which makes it more suitable for sensor-related applications, including smartphone applications [8] .
The characteristics of WPAN based LBSs is different from WLAN based LBSs. That is, because of the shorter communication range and lower capacity of WPAN compared to WLAN, we should consider the expected number of users for the services and derive the number of APs required for commercialized services.
In this paper, we propose a capacity modeling method for Bluetooth [9] based LBSs between a Bluetooth AP (Access Point) and mobile phones. In addition, we present a modeling method for determining the number of APs required for Bluetooth based LBSs. For the content download in the Bluetooth AP, we apply the proposed queuing model [10] and perform experiments on the AP and Bluetooth-enabled smartphones to validate the proposed model. Based on the connection time, data transmission time, the probability of the user being in the AP and so on, we derive an appropriate queuing model for Bluetooth LBSs. Then, we estimate the number of users that can download the contents within a predefined time. Using these parameters, we can induce the required number of APs in a certain area.
The validity and applicability of the proposed method are evaluated and proved by using simulations and experimental results obtained using smartphones.
The rest of this paper is organized as follows. In Section 2, we provide a brief overview of Bluetooth based LBSs. We revisit the Bluetooth related issues from the viewpoint of Bluetooth based LBSs in Section 3 and present a queuing model and analysis for Bluetooth APs in Section 4. In Section 5, we describe the simulation and experimental results obtained using smartphones and show the validity of the proposed method. The conclusion follows in Section 6.
Bluetooth based LBSs
The smartphone platform provides Bluetooth APIs and a map database with location information for Bluetooth based LBS. Fig. 1 shows an example of Bluetooth based LBSs.
Due to the relatively short communication range and small capacity of Bluetooth compared to WLAN, the aspect of the services in Bluetooth based LBS can be different. Although the short range of Bluetooth makes it difficult to cover a certain area, it could provide more accurate location related information. However, to provide LBS in a certain area, an LBS zone must be established with a number of Bluetooth APs. By using this LBS zone, when a user enters, we can push content or information based on the zone information. The problem is how many Bluetooth AP is required to build up a specific LBS zone and this is the motivation of this paper. To provide Bluetooth based LBSs, we should consider network related parameters such as capacity of the network, number of customers, connection / service time and etc. Based on these parameters, we propose a queuing model of Bluetooth based LBSs in order to derive the number of APs in a certain LSB zone.
Connection Time and Service Time in

Bluetooth based LBSs
To provide LBS, the capacity of an LBS system should be sufficient to handle a number of customers in the service area. Since a Bluetooth piconet can simultaneously handle up to seven slaves, the number of Bluetooth masters determines the capacity of the Bluetooth LBS system, which is an important design issue. In this section, the basic modeling of Bluetooth is presented for further analysis.
Connection setup time
To provide LBSs at a certain place, a Bluetooth connection must be established between a Bluetooth AP(master) and the user(slave). The device discovery in Bluetooth involves two steps: inquiry and paging. The inquiry procedure is asymmetric. A potential master, here, the Bluetooth AP, must enter the INQUIRY state first, and the potential slave, i.e., the user device such as a handset, must enter the INQUIRY SCAN state. The master periodically broadcasts ID packets in every inquiry T interval. These ID packets hop on 32 common channels. These 32 channels are divided into two sets, each with 16 channels. The ID packets are grouped into A trains and B trains, each of which uses one of the two sets of 16 channels exclusively. In an w T inquiry interval, inquiry N A trains, .28 seconds, and this value will also be adopted in this paper. Table 1 summarizes all the above timing parameters. Upon receiving an ID packet from some channel, say i, a slave should perform a random backoff and then reply with a Frequency Hopping Synchronization (FHS) packet via the same channel. The backoff value is between 0 to 1023 slots to avoid possible collisions with other slaves. After the backoff, the slave should continuously listen to channel i and reply with an FHS immediately after the first ID packet (also on channel i) is heard. Note that the average backoff value is 512 slots, which equals 32 trains. This explains why A/B trains need to be repeated so many times.
Once the paging process is complete, the devices move into the connection state. The master sends a poll packet to the slave to verify that the transition from the page hopping sequence to the new hopping sequence is successful. If it is successful, the two devices continue frequency hopping in a pseudo random pattern based on the master device's address and clock for the duration of the connection.
Based on these paging and inquiry procedures, the time taken to complete a typical average successful Inquiry & Page operation and, thus, the typical time taken to setup a Bluetooth Link is shown in Table 2 . 
Service time
Once the connection is established, LBS related data such as local advertisement/information needs to be transmitted from the Bluetooth AP to the user's handset.
For a fixed amount of LBS data, the data transmission time is dependent on the packet type of Bluetooth, as defined in Table 3 under error-free condition.
Queuing Model for Bluetooth Based LBS
In this section, we evaluate the number of LBS users that can be supported by one Bluetooth piconet using queuing theory based on the modeling parameters described in the previous section.
AP model
In this study, a Bluetooth piconet is modeled as a processor sharing node with a queue.
Because the LBS related customers arrive in arbitrary ways, the arrival process of potential slaves (customers) can be assumed to follow a Poisson distribution without loss of generality. When a connection is established between a Bluetooth master (AP) and a slave (customer), a fixed amount of data is transmitted in one way from the AP to the customer for LBS services. Once the LBS data is transmitted, the connection is released and the customer will leave the system.
The total number of jobs in the Bluetooth based LBS system is limited to seven, because a piconet can communicate with up to seven active slaves simultaneously. Although the master sends data to more than one slave, it is assumed that the master will communicate with only one slave at a time. After sending all the data, the master sends data to another slave. Also, it is assumed that the packet transmissions are error-free. In the LBS scenario, in which data is only transmitted from the Bluetooth master to the slaves in one piconet, it can be modeled as a one server system with a limited number of waiting positions.
Based on these assumptions, the Bluetooth piconet's capacity can be modeled using the / /1/ M G K queuing model [10] . Fig. 2 shows the / /1/ M G K queue model used for the capacity analysis of the Bluetooth piconet.
Fig. 2.
/ /1/ M G K queuing model.
K represents the maximum number of customers (or slaves) in a piconet, where one slave can receive LBS data from the master and at most ( 1) K − slaves can wait in the queue to be served. Because a piconet can simultaneously support up to seven slaves at one time, if there are already seven slaves in it, newly arrived customers(slaves) have to leave without service and these are referred to as being lost or blocked.
Blocking probability
Let B P be the probability that a customer is lost, which is the same as the probability that a newly arrived customer sees K users in the system. Assume that customers arrive following a Poisson distribution with λ . Once the data size to be transmitted is fixed, the service time distribution is deterministic as the sum of the average connection setup time (inquiry and paging time, i.e., 4.78s) and data transmission time. Here, the data service is assumed to be a one-way data transmission, i.e., from the master to the slave and, therefore, a DH5 type connection with a speed of 732kbps is assumed. The data size is variable with possible values of 100kbytes, 300kbytes, 500kbytes, 1 Mbytes, 3Mbytes, and 5Mbytes.
From Fig. 2 , the probability of blocking B P is obtained as follows:
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where , d k p is the probability that the arrival finds 0,1,..., k k = customers in the system and ρ is the offered traffic to the system, i.e, λ ⋅ (mean service time). Here mean service time will be determined from the average connection setup time and data transmission time. Then, the mean number of customers in the system can be calculated as follows:
Experimental results
In this section, we present the simulation results obtained using MATLAB and the experimental results obtained using smartphones and Bluetooth AP for the presented capacity modeling method. Fig. 3 shows the scenario of the simulation and experiment. As illustrated in the figure, smartphone (customer) arrives in a Poisson manner, establishes connections with Bluetooth AP (inquiry procedure), receives LBS related data during the service time and finally releases the connection. 
Simulation results
First, we perform a simulation of the Bluetooth network capacity. Using the / /1/ M G K queuing model and the assumptions made in the previous sections, we derive the number of users that can be serviced by one AP (one piconet) within 1 min. Various data sizes such as 100kbytes, 300kbytes, 500kbytes, 1Mbytes, 3Mbytes, and 5Mbytes are considered. Fig. 4 shows the blocking probability according to the number of users in the AP. For example, if we consider a data size of 1Mbytes, blocking occurs when the number of users is over 3.75. This means that for one AP in one minute, the capacity of Bluetooth is 3.75; in other words, we can provide 3.75 users with the LBS. The average capacities of Bluetooth piconets with data sizes of 700 kbytes, 1Mbytes, 3Mbytes and 5Mbytes are 4.74, 3.75, 1.56 and 0.96, respectively. 
Experimental results with mobile phones
In this experiment, we implement the Bluetooth AP environment using the CSR Bluetooth chipset and Blue Soleil SDK. Eight smartphones with three different types were used for the experiment to analyze the Bluetooth based LBS system. Table 4 and Fig. 5 show the devices used in the experiment, the presented AP model and experimental setup, respectively. Fig. 6 shows the average service times according to the data size and number of smartphones in one AP.
In the experiments, the smartphones arrive in a Poisson manner and the number of smartphones that could be served by a single Bluetooth AP within 1 min is counted. From the experiment, the capacities of Bluetooth are derived as 3.63 and 2.68 for data sizes of 700kbytes and 1Mbyte, respectively. There are mismatches between the simulation results and the experimental results. This is because the actual transmission rate of DH5 packets was about 485 kbps, which is about 33% lower than the theoretical speed of 723 kbps. This is because of the transmission errors.
Adjustment of simulation results using the throughput from experiment
Considering the experimental transmission errors, we set the DH5 packet speed to 485 kbps and perform the simulation again under the same assumptions. 7 shows the modified blocking probability according to the number of users in the AP. The average capacities of Bluetooth piconets with data sizes of 700 kbytes, 1Mbytes, 3Mbytes and 5Mbytes are 3.65, 2.82, 1.08 and 0.66, respectively.
As can be seen in Table 5 , the Bluetooth capacities obtained from the simulation and experimental results for a data size of 700 kbytes are 3.65 and 3.63, respectively. In addition, the Bluetooth capacities obtained from the simulation and experimental results for a data size of 1 Mbytes are 2.82 and 2.68, respectively. This demonstrates that the results obtained using the simulation model matches the experimental results well. 
Estimation of number of Bluetooth APs
Based on the possible number of customers that could be supported by single Bluetooth AP, the number of required Bluetooth AP for LBS can be estimated. For example, let us assume that the content size is 300kbytes and the residing time is 1 min. Then, if we want to provide LBS to 10 users, the number of required Bluetooth APs is approximately 1.63 and two APs are required to provide services. Table 6 shows the number of APs required based on the various circumstances, where we use the modified model with a DH5 packet speed of 485 kbps. 
Conclusion
In this paper, we proposed a capacity modeling method for Bluetooth based LBSs between Bluetooth APs and mobile phones.
To do this, we considered the entrance and exit of the users to and from the AP. With network parameters such as connection time, data transmission time, number of users in the AP zone and so on, we analyzed the capacity of Bluetooth AP using / /1/ M G K queuing model. Based on the queuing model, we analyzed the capacity of Bluetooth based LBSs and derived the number of users that can be serviced within a predefined period of time.
From the experiment on communication between smartphones and Bluetooth APs, we adjusted the parameters of the presented model and discussed the method for estimating the number of APs required. The simulation and experimental results showed the validity and applicability of the proposed method for Bluetooth based LBSs. This paper can be used as a guideline to design and implement a Bluetooth based LBS system.
For a multi-AP environment, we should consider the interference between the APs. This remains as a future work.
